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This program has been designed to isolate and determine the various parameters which control the mechanical behavior during monotonic and cyclic loading of alloys containing various microstructural features developed during the decomposition of 'Ma type aluminum alloys. In addition, the stress-corrosion resistance and corrosion-fatigue resistance is also being characterized. It is hoped that an understanding of the fundamentals of the deformation processes will be obtained from this study. These results will be applied to improve the properties of existing alloy systems through control of the microstructure and to suggest ways of developing fatigue resistant age hardenable aluminum alloys.
The alloys being investigated are based on 7050, the new alloy developed by ALCOA for the Navy and Air Force. This alloy combines strength with improved fracture toughness, and stress-corrosion resistance. In addition to 7050, three other alloys are being investigated.
These differ from 7050 by the elimination of, and/or variation of, the copper and zirconium additions. They have the same zinc and magnesium concentrations as 7050 and serve to isolate those effects which are associated with copper and other alloying additions.
Much of the first year's effort has been spent in the characterization of the four alloys after various thermal and mechanical treatments.
This characterization, which includes texture, grain morphology, size, type, volume fraction, and spacing of pre-precipitates and precipitates, is being accomplished by using x-ray, transmission electron, scanning electron, and optical metallographic techniques as described in our proposals. We have included grain boundary characterization since we have observed that small changes in copper concentration have significant effects on the size, shape and distribution of the grain boundary precipitate, and consequently on the resulting cyclic behavior of the alloy.
We have made significant progress on determining the effect of microstructure on the monotonic and low cycle fatigue properties of a high purity, large grain, ternary aluminum-zinc-magnesium (Al- The microstructure that produced the highest static strength while maintaining good ductility occurred when the ternary alloy was aged at 150°C to produce a maximum number of semicoherent 11' precipitates which had a Guinier radius of approximately 65A. Aging at 120°C
increased the frequency of nucleation and a greater tendency toward brittle fracture as shown by the brittle nature when the ternary alloy was aged at 120°C. The highest static yield strength was obtained when The brittle nature of the ternary alloy was related to the large grain size. The nonhomogeneous deformation associated with the large grain ternary alloy produced large slip steps at the grain boundaries which induced large stress concentrations across the grain boundaries.
Fatigue behavior was found to be sensitive to aging in both alloys investigated. The best combination of fatigue life, strength and ductility for the ternary alloy resulted when aged to produce a microstructure containing predominately 'IC having a Guinier radius of approximately 70 A and a small amount of incoherent 11 (MgZn 2 ).
Superior fatigue life, strength and ductility were found when the 7050 alloy was aged to produce the maximum number of partially coherent Approved for public release; distribution unlimited.
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The effect of microstructure on the monotonic and low cycle fatigue properties of a high purity ternary Al-Zn-Mg alloy and a high strength 7050 aluminum alloy has been studied. The microstructure that produces the best combination of monotonic and cyclic properties is described.
The decomposition sequence and the effect of copper additions are also discussed. i.e., type of precipitate present, than to any other variable. This is attributed to the potential differences between the matrix and the various precipitates, e.g., G.P. zones, Tr. or the equilibrium precipitate n.
Summary of Research
This program has been designed to isolate and determine the various parameters which control the mechanical behavior during monotonic and cyclic loading of alloys containing various microstructural features developed during the decomposition of 7XXX type aluminum alloys. In addition, the stress-corrosion resistance and corrosion-fatigue resistance is also being characterized. It is hoped that an understanding of the fundamentals of the deformation processes will be obtained from this study.
These results will be applied to improve the properties of existing alloy systems through control of the microstructure and to suggest ways of developing fatigue resistant age hardenable aluminum alloys.
The alloys being investigated are based on 7050, the new alloy developed by ALCOA for the Navy and Air Force. This alloy combines strength with improved fracture toughness, and stress-corrosion resistance. In addition to 7050, three other alloys are being investigated. These differ from 7050 by the elimination of, and/or variation of, the copper and zirconium additions. They have the same zinc and magnesium concentrations as 7050 and serve to isolate those effects which are associated with copper and other alloying additions.
During the first year of this Grant, the effect of microstructure on the monotonic and low cycle fatigue properties of a high purity, large grain, ternary aluminum-zinc-magnesium (Al-Zn-Mg) alloy and a high strength 7050 aluminum alloy still in progress; however, the increase in life may be attributed to the potential differences between the matrix and the various precipitates, e.g., G.P. zones, n', or the equilibrium precipitate n. This research is concerned with correlating microstructural features of high strength aluminum alloys with mechanical behavior .in an effort to distinguish those features which cause the low fatigue strength/static strength ratio inherent in these materials. Both monotonic and cyclic measurements in inert and hostile environments are being made. We have found that the low cycle fatigue behavior is very sensitive to the size, spacing, and type of precipitates and can be changed by heat treatment. This is only accomplished, i.e., type of precipitate present, than to any other variable. This is attributed to the potential differences between the matrix and the various precipitates, e.g., G.P. zones, n' or the equilibrium precipitate n.
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Summary of Research
These results will be applied to imbrove the properties of existing alloy systems through control of the microstructure and to suggest ways of developing fatigue resistant age-hardenable aluminum alloys. The best fatigue resistance for the range of strain amplitudes tested was shown by samples aged 24 hrs @ 150°C, a treatment which produced semi-and incoherent 
Fatigue Crack Propagation
The effect of microstructure on the fatigue crack growth behavior of Al-Zn-Mg-Zr alloy was also investigated. The fatigue crack behavior was compared to the low cycle fatigue behavior of the same alloy discussed above.
The major effect of the microstructure on the fatigue crack propagation rates was found at the low stress intensity ranges. At these stress intensity levels the overaged condition was found to have lower crack arowth rates. This improved fatigue resistance was attributed to the increased homogeneity of deformation resulting from the occurrence of dislocation looping as the primary deformation mode. At the intermediate stress intensity levels tested, the microstructure appeared to have little or no effect.
A correlation was attempted between the observed data and the crack growth rates predicted by some proposed fatigue crack growth laws. The proposed laws that contain a variable power dependence for the stress intensity factor predicted the crack growth rate with extreme accuracy. Laws which had a fixed power dependence for the stress in-tensity factor did not accurately predict the observed crack growth rate.
Values of the parameters in the fatigue crack propagation equations were found to correlate with the cyclic low cycle fatigue parameters. No correlation was found between monotonic tensile parameters and the fatigue crack law parameters.
Stress Corrosion Crackinc
The primary objective of this phase of our research program is to evaluate, systematically, the effect of copper on the stress corrosion characteristics of 
